Milk composition of nine lactating German Shepherd nursing females was studied. The experiment took place at the breeding facility of Police of the Czech Republic (breeding centre for service dogs in Domažlice) in days 2-30 of the females' lactation. Females were given a commercial granulated feeding mixture (starter category). Canine milk samples were analyzed using an infra-red instrument MilkoScan FT 120. Calculated mean values for colostrum (day 2 postpartum) and normal milk (days 4-29 postpartum) were: 23.86 and 24.63% for total solids, 8.14 and 7.22% for protein, 6.04 and 5.76% for casein, 10.22 and 11.32% for fat, 3.40 and 4.48% for lactose. German Shepherd milk showed almost no variation in composition after day 4 of lactation. Differences observed between colostrum and normal milk composition were statistically insignificant but not for lactose. No significant differences in density and other composition parameters between colostrum and normal milk were identified.
INTRODUCTION
Milk provides a complete diet for the new-born mammals. Milk composition varies widely across species with the stage of lactation (F a r r e l l et al., 2006) and is influenced by multiple factors including the breed, health status of the mammal, feeding practices, and the time of milk samples collection postpartum (B e r n a b u c c i et al., 2013) .
Colostrum is the first milk produced after birth and is particularly rich in immunoglobulins, antimicrobial peptides, and other bioactive molecules, including growth factors. It is important for the nutrition, growth, and development of newborns and contributes to the immunologic defense of neonates (P l a y f o r d et al., 2000) . Bitches produce colostrum, which is more abundant in whey proteins (immunoglobulins) than mature milk, during 27-72 h immediately after birth (S e g a l i n i , 2008). Colostrum composition depends on the intensity that new-born mammals suck and varies with time after the birth, most significantly within 24 h after parturition (B e r n a b u c c i et al., 2013) . H e d d l e , R o w l e y (1975) reported that the total immunoglobulin concentration in dog (mongrels) colostrum is 15 mg/ml on the day of parturition and 2-3 mg/ml on day 3 after parturition compared to 1-2 mg/ml for normal milk. However, the time of samples collection and rearing conditions were not described in this study. C o s t ă c h e s c u et al. (2011) compared the chemical composition of colostrum of German Shepherds, Caucasian Shepherds, Golden Retrievers, Labrador Retrievers, and West Terriers reared under the same conditions and with the same care. The samples of colostrum were collected from 10 females of each breed on day 2 after parturition and had the following average characteristics: fat 8.42%, protein 5.97%; water 75.77%, pH 6.0. German Shepherd colostrum was the richest in protein and the poorest in fat in comparison with other dog breeds. R ü s s e (1961) recorded that total protein decreases, whereas fat and lactose contents rise during the bitch colostral period.
After the colostral period, mammalian females produce mature milk consisting of an emulsion of fat and a suspension of casein micelles (caseins -the major milk proteins, calcium, phosphorus), all suspended in an aqueous phase which contains solubilized lactose, whey proteins, and some minerals (B e r n a b u c c i et al., 2013). In the past only a few studies focused on dog milk composition and its changes during lactation and widely differing values were reported. They were mostly published before 1990 (and not in English) (A b d e r h a l d e n , 1899; M u n d t et al., 1981; K i e n z l e et al., 1985) . According to O f t e d a l (1984) , dog milk contained 21-26% total solids; 8-12% fat, 7-10% protein on average. S c a n t l e b u r y et al. (2000) observed that the milk of Labradors (n = 15) and Schnauzers (n = 6) from the Waltham Centre for Pet Nutrition fed by commercial diet contained on average 21.2% total solids, 8.23% crude protein, 8.11% fat, and 4.86% saccharide in days 24-30 of lactation with no difference among breeds. Also R ü s s e (1961) recorded no differences in basic milk composition between breeds but C o s t ă c h e s c u et al. (2011) described differences in normal milk composition among five dog breeds. O f t e d a l (1984) reported the average contents of 22.7% total solids, 9.47% fat, 7.53% protein, and 3.81% saccharide for the milk of five Beagle bitches from a research colony with no changes in milk fat and protein concentration from day 7 to day 37 and with the increase of saccharide content from day 7 to day 30 of lactation. L u i c k et al. (1960) found out higher values (26% total solids, 9.8% protein, 13% fat) and L ö n n e r d a l et al. (1981) lower values (5.31% protein, 4.66% fat, 4.81% saccharide) for Beagle milk. These differences may be explained by differences in analytical methods, in the number and collection time of samples or in feed composition of the observed bitches.
The studies focused on dog milk composition and its changes during lactation are essential for understanding the nutrition of neonatal dogs and for developing new puppy milk replacement formulas (L ö n n e r d a l et al., 1981) . Although the replacers should be formulated to reflect the nutrient composition of dog milk, some of them contain either insufficient or excessive amounts of some nutrients (such as protein, fat, calcium, phosphorus), which can cause health problems in puppies (A d k i n s et al., 2001).
The German Shepherd is the most frequent breed and the most commonly used dog for police and military purposes in the Czech Republic. But only little data about German Shepherd milk composition during lactation is available. Therefore, the aim of the study was to analyze the composition of dog milk of this breed and describe the changes during lactation.
maTeRIal aND meThODS

Experimental animals
Nine German Shepherd females were used in this study. The experiment took place in the breeding centre for service dogs (breeding facility of Police of the Czech Republic) in Domažlice during the first thirty days of the females' lactation. After this period the puppies were mainly given supplemental food. The females were given a commercial granulated feed mixture Royal Canin (sensible category) (28% protein, 18% fat, 2.8% fibre, 34.2% starch, 5.5% ash). The females were fed 2-3 times a day receiving 600 g of feed daily. The number of puppies in one litter was 6.43 ± 0.98. The puppies were born in the period June 17 th -November 13 th .
Milk samples
Individual milk samples were taken by manual milking before noon feeding of females from randomly selected nipples of each female. Before milking the nipples were wiped with a warm wet cloth and then massaged. The milking took 2-7 min. Puppies were moved away from bitches during the sampling. Totally 54 samples were taken between 9:00 and 13:00 on the days indicated in Table 1 . The first milk samples were taken 45-51 h after the puppies' delivery. Milk or colostrum were collected into standard 35-ml polypropylene milk sample vials with caps and immediately frozen to -18°C and delivered in cooling containers to the university laboratory for the analysis of basic milk parameters (fat, protein, lactose, total solids, casein, milk density). The samples were preheated to 40 C in a water bath before the analysis.
Instrumental analysis
Canine milk samples (each sample was measured twice) were analyzed using the infra-red apparatus MilkoScan FT 120 (Foss Electric, Hillerød, Denmark) calibrated by an external accredited laboratory using ten cow milk standard samples. The calibrated components in these standard samples were determined using reference methods recommended by Foss com-pany (fat: Gerber method, protein: Kjeldahl method, lactose: Megazyme Lactose-Galactose enzymatic test kit, total solids and solids-non-fat: Heating Owen method at 102°C, freezing point: cryoscopic method).
Statistical methods
Means of eight milk samples taken on the same day of lactation were calculated with their standard deviations. The mean for the whole period of lactation except colostrum period was calculated as well. Milk component values were processed by the analysis of variance (ANOVA). The Scheffé's test was used to evaluate statistically significant differences between dog milk composition values during lactation. Statistical analyses were performed using SAS software, Version 9.3.
ReSUlTS
The results of the German Shepherd milk composition changes during the first 30 days of lactation expressed as the mean of 9 individual samples ± standard deviation are given in Table 1 . In our study the mean values for colostrum (day 2 postpartum) and normal milk (calculated from day 4 to days 27-29 postpartum) were: 23.86 and 24.63% total solids, 8.14 and 7.22% protein, 6.04 and 5.76% casein, 10.22 and 11.32% fat, 3.40 and 4.48% lactose, respectively. The changes of normal milk produced from day 4 postpartum were not significant.
However the protein content increased from day 4 till days 21-22 of lactation by 1.46%, and then slightly decreased (till days 27-29). The amount of casein as a proportion of total protein content increased from 64.2% (day 4) to 81.9% (days 27-29) in our experiment.
Similarly to protein, the fat content increased from day 4 till days 21-22 of lactation by 1.97%, and then decreased slightly by 0.32%.
In our study, the lactose content increased throughout the entire observation period with significant differences between colostrum and milk lactose content (P < 0.05).
There were no significant differences in density between colostrum and normal milk; the mean value of normal milk density was 1.032 g cm -3 .
DISCUSSION
This study is unique owing to two significant aspects: (1) sufficiently large sets of milk samples were collected from the same breed and (2) standardized breeding conditions were provided for the females by the breeding facility of Police of the Czech Republic in Domažlice -a unique institution of its kind in Europe. These conditions enabled us to obtain data on German Shepherd milk composition and its statistical evaluation.
The mean values for colostrum and normal milk noted in our study correspond with the values of Beagle bitches' milk composition reported by O f t e d a l (1984). Higher protein and carbohydrate (lactose) contents and lower total solids and fat content of colostrum were also noted in other dog breeds when compared with normal milk (S e g a l i n i , 2008; C o s t ă c h e s c u et al., 2011), although the variability of results is naturally large.
Unfortunately, there is very little data about dog colostrum composition in scientific literature. Like in our experiment, L ö n n e r d a l et al. (1981) described an increase in protein content throughout the lactation period of Beagles but with lower values: from 4.3% (days 0-10) to 5.31% (days 21-30). On the other hand, it was recorded that the protein content decreased from 7.5% on day 10 to 5.1% on Similarly to our data, the increase of fat content from day 10 till day 25 was reported for German (1984) recorded that the fat content decreased from 10.9% (days 7-9) to 8.7% (days 22-23), and then increased to 9.16% (days 29-30). The author explained that the variation among studies may be the function of a sampling analytical bias or that this may represent the actual difference among dogs. Also some other factors like females' feed composition and energy intake in relation to their requirements as well as yield itself could be the reason for certain discrepancies in the existing literature.
In Like in other animals, differences in the density of colostrum and normal milk were insignificant. Density value is generally decreased by fat and increased by other non-fat solid compounds (proteins, lactose, and minerals). Our results therefore indicate that the effect of the fat content increase (by 0.07%) was compensated by the increase of non-fat solids (by 0.6%).
CONClUSION
In conclusion, the present analysis of a reasonably large set of German Shepherd milk samples yielded novel unique data. German Shepherd milk showed almost no variation in composition after day 4 of lactation. Statistically significant differences in composition between colostrum and normal milk were observed only in the case of lactose. The obtained results enabled us to verify the published data about dog milk composition and provided new information on German Shepherd milk composition during lactation. Comparing the obtained results and the literature data on the composition of dog milk, it is evident that additional experiments focused on German Shepherd milk are needed. This is especially important in view of developing a puppy formula as a replacement for mother's milk.
